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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A 
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM- 
STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS 
SHOULD BE REVIEWED. 


2, APL IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN 
AND EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CON- 
CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR 
UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, OR 
FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND 
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE 

CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR 

OTHERWISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY 

METHOD, APPARATUS, OR PRODUCT COVERED BY LETTERS PATENT. & 
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE 

CONSTRUED AS INSURING ANYONE AGAINST LIABILITY FOR 

INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, 
REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS, 
SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE 
ADDED TO THIS REVIEW CYCLE. THIS PUBLICATION WILL NO 
LONGER BE IN EFFECT FIVE YEARS AFTER ITS PUBLICATION DATE AS 
AN OPERATIVE API STANDARD OR, WHERE AN EXTENSION HAS BEEN 
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION 
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT 
[TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY 
BY API, 1220 L STREET, N.W., WASHINGTON, D.C, 20005, 
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FOREWORD 


Chapter 4 of the Manual of Petroleum Measurement Standards was prepared as a 
guide for the design, installation, calibration, and operation of meter proving systems 
commonly used by the majority of petroleum operators. The devices and practices 
covered in this chapter may not be applicable to all liquid hydrocarbons under all 
operating conditions. Other types of proving devices that are not covered in this 
chapter may be appropriate for use if agreed upon by the parties involved. 

The information contained in this edition of Chapter 4 supersedes the information 
contained in the previous edition (First Edition, May 1978), which is no longer in 
print. It also supersedes the information on proving systems contained in API 
Standard 1101, Measurement of Petroleum Liquid Hydrocarbons by Positive Dis- 
placement Meter (First Edition, 1960), API Standard 2531, Mechanical Displacement 
Meter Provers; API Standard 2533, Metering Viscous Hydrocarbons; and API Stan- 
dard 2534, Measurement of Liquid Hydrocarbons by Turbine-Meter Systems, which 
are no longer in print. 

This publication is primarily intended for use in the United States and is related to 
the standards, specifications and procedures of the National Bureau of Standards 
(NBS). When the information provided herein is used in other countries, the specifi- 
cations and procedures of the appropriate national standards organizations may 
apply. Where appropriate, other test codes and procedures for checking pressure 
and electrical equipment may be used. 

@ For the purposes of business transactions, limits on error or measurement toler- 
ance are usually set by law, regulation, or mutual agreement between contracting 
parties. This publication is not intended to set tolerances for such purposes; it is 
intended only to describe methods by which acceptable approaches to any desired 
accuracy can be achieved. 

Chapter 4 now contains the following sections: 


Section 1, “Introduction” 

Section 2, “Conventional Pipe Provers” 
Section 3, “Small Volume Provers” 
Section 4, ‘Tank Provers” 

Section 5, ‘‘Master-Meter Provers” 
Section 6, “Pulse Interpolation” 

Section 7, “‘Ficld-Standard Test Measures” 


API publications may be used by anyone desiring to do so. Every effort has been 
made by the Institute to assure the accuracy and reliability of the data contained in 
them; however, the Institute makes no representation, warranty, or guarantee in 
connection with this publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use or for the violation of any 
federal, state, or municipal regulation with which this publication may conflict. 

Suggested revisions aro invited and should be submitted to the director of the 
Measurement Coordination Department, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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4.2.1 Introduction 


placed in either direction. 


of flow without having to start and stop. 


ter 4.3). 


4.2.1.1 SCOPE 


stream is diverted or bypassed. 


4.2.1.2 DEFINITION OF TERMS 
through 4.2.1.2.4. 


placer between the detectors in a prover. 


MPMS 


Conventional pipe provers are used as volume stan- 
dards for proving liquid meters that generate at least 
10,000 unaltered pulses during a prover pass. Pipe 
provers may be straight or folded in the form of a loop. 
Both mobile and stationary provers may be constructed 
in accordance with the principles described in this chap- 
ter. Pipe provers are also used for pipelines in which a 
calibrated portion of the pipeline (cither straight, 
U-shaped, or folded) serves as the reference volume. 
Some provers are arranged so that liquid can be dis- 


A pipe prover’s main advantage over a tank prover is 
that its flow of liquid is not interrupted during proving. 
This uninterrupted flow permits the meter to be proved 
under specific operating conditions and ata uniform rate 


The reference volume (the volume needed between 
detectors) required of a pipe prover depends on such 
factors as the discrimination of the proving register, the 
repeatability of the detectors, and the repeatability re- 
quired of the proving system as a whole. The relationship 
between the flow range of the meter and the reference 
volume must also be taken into account. Provers that 
have a smaller volume than was once considered neces- 
sary can now be used as a result of pulse-interpolation 
techniques and precision displacer detectors (sce Chap- 


This chapter outlines the essential elements of uni- 
directional and bidirectional conventional pipe provers 
and provides design, installation, and calibration details 
for the types of pipe provers that are currently in use. 
The pipe provers discussed in this chapter are designed 
for the running start-and-stop procedures described in 
Chapter 4.1. These provers consist of a pipe section 
through which a displacer travels and activates detection 
devices before stopping at the end of the run as the 


Terms used in this chapter are defined in 4.2.1.2.1 


4.2.1.2.1 A prover pass is one movement of the dis- 
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4.2.1.2.2 A prover round trip refers to the forward and 
reverse passes in a bidirectional prover. 


4.2.1.2.3 Meter proof refers to the multiple passes or 
round trips of the displacer in a prover for purposes of 
determining a meter factor. 


4.2.1.2.4 A meter prover is an open or closed vessel of 
known volume utilized as a volumetric reference stan- 
dard for the calibration of meters in liquid petroleum 
service. Such provers are designed, fabricated, and op- 
erated within the recommendations of Chapter 4. 


4.2.1.3 REFERENCED PUBLICATIONS 


The current editions of the following standards, codes, 
and specifications are cited in this chapter: 


API 
Manual of Petroleum Measurement Standards 
Chapter 4, “Proving Systems,” Section 1, “Intro- 
duction,” Section 3, “Small Volume Provers,”’ Sec- 
tion 5, “Master-Meter Provers,” Section 6, “Pulse 
Interpolation,” and Section 7, “Field-Standard Test 


Measures” 

Chapter 5.4, “Accessory Equipment for Liquid Me- 
ters” 

Chapter 7.2, “Dynamic Temperature Determina- 
tion” 


Chapter 11, “Physical Properties Data” 

Chapter 12.2, “Calculation of Liquid Petroleum 
Quantities Measured by Turbine or Displacement 
Meters” 


por 
49 Code of Federal Regulations Parts 171-177 
(Subchapter C, “Hazardous Materials Regula- 
tions”) and 390-397 (Subchapter B, “Federal Mo- 
tor Carrier Safety Regulations") 


4.2.2 Pipe Prover Systems 


All types of pipe prover systems operate on the com- 
mon principle of the repeatable displacement of a known 
volume of liquid from a calibrated section of pipe be- 


1S, Department of Transportation. The Code of Federal Reguta- 
tions is available from the U.S, Government Printing Office, Washing- 
ton, D.C, 20402, 


Copyright por American Petroleum Institute 
Thu Dec 14 21:10:02 2000 


MPMS 4.2-88 


|| o7g2240 go54a43 of 


2 CHAPTER 4—PROVING SYSTEMS 


tween two signalling detectors. Displacement is achieved 
by means of a slightly oversized sphere or piston that is 
driven along the pipe by the liquid stream being 
metered. The corresponding metered volume is simul- 
taneously determined. 

A meter that is being proved on a continuous-flow 
basis must be connected at the time of proof to a counter 
that can be instantly started or stopped by the signalling 
detectors. The counter is usually an electronic pulse 
counter, The counter is started and stopped when the 
displacing device actuates the two detectors at the ends 
of the calibrated section. 

The two types of continuous-flow pipe provers are 
unidirectional and bidirectional, The unidirectional 
prover allows the displacer to travel in only one direction 
through the proving section and has an arrangement for 
returning the displacer to its starting position. The bidi- 
rectional prover allows the displacer to travel first in one 
direction and then in the other and incorporates a means 
of reversing the flow through the pipe prover, 

Both unidirectional and bidirectional provers must be 
constructed so that the full flow of the stream through a 
meter being proved wiil pass through the prover. Pipe 
provers may be manually or automatically operated. 


4.2.2.1 UNIDIRECTIONAL PROVERS 


Unidirectional provers may be subdivided into the 
following two categories depending on the manner in 
which the displacer is handled: 


a. The manual-return unidirectional prover, sometimes 
referred to as the measured distance, is an elementary 
form of an in-line prover that uses a section of pipeline as 
the prover section. Detectors that define the calibrated 
volume of the prover section are placed at selected 
points. A displacer launching device is placed upstream 
from the prover section, and receiving facilities are in- 
stalled at some point downstream from the prover sec- 
tion. Conventional launching and receiving scraper traps 
are usually used for this purpose. To make a proving run, 
a displacer (a sphere or specially designed piston) is 
launched and allowed to displace the reference volume 
before being received downstream and manually trans- 
ported back to the launching site. 

b. The circulating-return unidirectional prover (see Fig- 
ure 1), often referred to as the endless loop, has evolved 
trom the prover described in Item a, In the endless loop, 
the piping is arranged so that the downstream end of the 
loop crosses over and above the upstream end of the 
looped section. The interchange is the means by which 
the displacer is transferred from the downstream to the 
upstream end of the loop without being removed from 
the prover. The displacer detectors are located inside the 
looped portion at a suitable distance from the inter- 
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change. Continuous or endless prover loops may be 
automated or manually operated, 


The base volume of a unidirectional prover is the 
calibrated volume between detectors corrected to stan- 
dard temperature and pressure conditions. 


4.2.2.2. BIDIRECTIONAL PROVERS 


Bidirectional provers (see Figures 2 and 3) have a 
length of pipe through which the displacer travels back 
and forth, actuating a detector at each end of the cali- 
brated section and stopping at the end of each prover 
pass when the displacer enters a region where the flow 
can bypass it or when valve action diverts the flow. 
Suitable supplementary pipework and a reversing valve 
or valve assembly that is either manually or automati- 
cally operated make possible the reversal of the flow 
through the prover. The main body of the prover is often 
astraight piece of pipe, but it may be contoured or folded 
to fit in a limited space or to make it more readily mobile, 
A sphere is used as the displacer in the folded or con- 
toured type; a piston or sphere may be used in the 
straight-pipe type, The base volume in a bidirectional 
prover is expressed as the sum of the calibrated volumes 
between detectors in two consecutive one-way passes in 
opposite directions, each corrected to standard tempera- 
ture and pressure conditions. 


4.2.3 Performance Requirements 


4.2.3.1 CALIBRATION REPEATABILITY FOR 
PROVER VOLUME 


When the prover volume is calibrated, the results, 
after correction, of two or more consecutive runs as 
agrced upon by the interested parties shall lie within 0,02 
percent (-: 0.01 percent of the average) to determine the 
prover volume (see 4.2.11), 


4.2.3.2 VALVE SEATING 


The sphere interchange in a unidirectional prover or 
the flow-diverter valve or valves in a bidirectional prover 
shall be fully seated and sealed before the displacer 
actuates the first detector. These and any other valves 
whose leakage can affect the accuracy of proving shail be 
provided with some means of demonstrating during the 
proving run that they are leak free. 


4.2.3.3 FREEDOM FROM SHOCK 


When the prover is operating at its maximum design 
flow rate, the displacer shall decelerate and come to rest 
safely at the end of its travel without shock or damage. 


(text continued on page 6) 
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4.2.4 Equipment 
4.2.4.1 MATERIALS AND FABRICATION 


The materials selected for a prover ahall conform to 
applicable codes, pressure and temperature ratings, cor- 
rosion resistance, and area classifications. Pipe, fittings, 
and bends should he selected for roundness and smooth- 
ness to ensure consistent sealing of the displacer during a 
prover pass. 

The calibrated section of the prover between the dis- 
placer position sensors must be designed to exclude any 
appurtenances such as vents or drains, 

Flanges or other provisions should be provided for 
access to the inside surfaces of the calibrated and prerun 
sections, Care shall be exercised to ensure and maintain 
proper alignment and concentricity of pipe joints. 
Flanges in the calibrated volume shall be match bored 
and uniquely doweled or otherwise designed to maintain 
the match-bored position of the flanges. Gaskets used in 
the calibrated section shall be designed to seal on a 
fiange-face metal-to-metal makeup, with the sealing be- 
ing obtained from an O-ring-type sea]. Allinternal welds 
and metal surfaces shall be ground smooth to preclude 
damage to and leakage around the displacer. 

Internally coating the prover section with a coating 
material that will provide a hard, smooth, long-lasting 
finish will reduce corrosion and prolong the life of the 
displacer and the prover. Experience has shown that 
internal coatings are particularly useful when the prover 
is used with liquids that have poor lubricating properties, 
such as gasoline or liquefied petroleum gas; however, in 
certain cases, satisfactory results and displacer longevity 
may be achicved when uncoated pipe is used, 


4.2.4.2. TEMPERATURE STABILITY 


Temperature stability is necessary to achieve accept- 
able proving results. Temperature stabilization is nor- 
mally accomplished by continuously circulating liquid 
through the prover section with or without insulation. 
When provers are installed aboveground, the applica- 
tion of thermal insulation will contribute to better tem- 
perature stabilization, 


4.2.4.3 TEMPERATURE MEASUREMENT 


Temperature-measurement sensors shall be of suit- 
able range and accuracy and shall be installed at the inlet 
and outlet of the prover (see Chapter 7.2 for detail 
requirements). Caution must be exercised to ensure that 
the temperature sensors are located where they will not 
be shut off from the liquid path. 
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4.2.44 PRESSURE MEASUREMENT 


Pressure-measurement devices of suitable range and 
accuracy are used at appropriate locations to measure 
pressure at the meter.and the prover. The pressure de- 
vices should reflect the pressures within the meter and 
the calibrated section of the prover. See Chapter 12.2 for 
further information. 


4.2.4.5 DISPLACING DEVICES 


One type of displacing device commonly used in pipe 
provers is the elastomer sphere hydrostatically filled 
with liquid under pressure. The displacer is expanded to 
provide a seal without excessive friction to a diameter 
greatet (normally 2-4 percent) than that of the inside 
diameter of the prover pipe. In general, the larger the 
sphere, the greater the percentage of inflation required, 
Insufficient expansion of the sphere can lead to leakage 
past the sphere and consequently to measurement error. 
Excessive expansion of the sphere may not improve séal- 
ing ability and will generally cause it to wear more rap- 
idly and move erratically. Care must be exercised to 
ensure that no air remains inside the sphere. The dis- 
placer shall be as impervious as possible to the operating 
liquids. The liquid used to fill the sphere shall have a 
freezing point below any expected temperatures, Water 
or water-glycol mixtures are commonly used, Another 
commonly used displacer is the cylindrical piston with 
suitable seals. 


4.2.4.6 VALVES 


All valves used in pipe prover systems that can provide 
or contribute to a bypass of liquid around the prover or 
meter or to leakage between the prover and meter shall 
be of the block-and-bleed type or an equivalent with a 
provision for seal verification, 

Full positioning of the flow-reversing valve or valves in 
a bidirectional prover or the interchange valve in a uni- 
directional prover must be accomplished before the dis- 
placer is allowed to actuate the first detector, This design 
ensures that no liquid is allowed to bypass the prover 
during the displacer’s travel through the calibrated vol- 
ume. The distance before the first detector, commonly 
called prerun, depends on valve operation time and the 
velocity of the displacer. Methods used to shorten this 
prerun, such as faster operation of the vaive or delay of 
the displacer launching, require that caution be exer- 
cised in the design so that hydraulic shock or additional 
undesired pressure drop is not introduced. If more than 
one flow-directing valve is used, all valves should be 
arranged by linkage or another means to prevent shock 
caused by an incorrect sequence of operations, 
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4.2.4.7 CONNECTIONS 


Connections shall be provided on the prover or con- 
necting piping to allow for calibration, venting, and 
draining. 


42.4.8 DETECTORS 


Detection devices must indicate the position of the 
displacer within close tolerance. Various types of detec- 
tors are currently used. The most common is the me- 
chanically actuated electrical switch. Other types in- 
clude the electronic proximity switch and the induction 
pickup; these types may be used if they provide satisfac- 
tory repeatability. The repeatability with which the de- 
tector in a prover can signal the position of the displacer, 
which is one of the governing factors in determining the 
Jength of the prover section, must be ascertained as 
accurately as possible. Openings through the pipe wall 
for detectors must be smaller than the longitudinal seal- 
ing area of the displacer. 


4.2.4.9 PERIPHERAL EQUIPMENT 


A meter pulse generator shall be provided for trans- 
mission of flow data and must provide electrical pulses 
with satisfactory characteristics for the type of proving 
counter used. The device should generate a sufficient 
number of pulses per unit volume to provide the re- 
quired discrimination (sce Chapter 5.4). 


4.2.4.10 PROVING COUNTER 


An electronic pulse counter is usually used in meter 
proving because of the ease and accuracy with which it 
can count high-frequency pulses and its ability to trans- 
mit this count to remote locations. The pulse-counting 
devices are equipped with an electronic start/stop 
switching circuit that is actuated by the pipe prover’s 
detectors (see Chapter 5.4). 


4.2.5 Equipment for Automatic-Return 
Unidirectional Pipe Provers 


4.2.5.1 SPHERE INTERCHANGE 


The sphere interchange provides a means for transfer- 
ting the sphere from the downstream end of the proving 
section to the upstream end. Sphere interchange may be 
accomplished with several different combinations of 
valves or other devices to minimize bypass flow through 
the interchange during the sphere-transfer process. A 
verifiable leaktight valve seal is essential before the 
sphere reaches the first detector switch of the proving 
section. 


4.2.5.2 SEPARATOR TEES 


Separator tees are at least one pipe size larger than the 
nominal size of the sphere or loop. Sizing is best deter- 
mined by expericnce. The design of the separator tee 
shall ensure dependable separation of the sphere from 
the stream for all rates within the flow range of the 
prover. For practical purposes, the mean liquid velocity 
through the tee should not exceed 5 feet (1.5 meters) per 
second; a considerably lower liquid velocily is often de- 
sirable. The tee must sometimes be sized several sizes 
larger. Smooth-flow transition fittings on both ends of 
the tee are important. A means of directing the sphere 
into the interchange shall be provided at the downstream 
end. Care should be taken in designing this device to 
prevent damage to a sphere. 


4.2.5.3 LAUNCHING TEES 


Launching tees are generally only one pipe size larger 
than the sphere displacer. They shall have smooth transi- 
tion fittings leading into the prover. The launching tee 
should have a slight inclination downwards toward the 
prover section, or another means should be provided to 
ensure that the sphere moves into the prover during 
periods of low flow, which might occur during calibration 
by the waterdraw method, 


4.2.6 Equipment for Bidirectional Pipe 
Provers 


4.2.6.1 QUTLETS AND INLETS 


The outlets and inlets on the pipe prover end cham- 
bers of bidirectional provers are designed to pass liquids 
and restrain the displacer. The openings shall be de- 
burred and shall have an area sufficient to avoid exces- 
sive pressure loss. 


4.2.6.2 FLOW REVERSAL 


A single multiport valve is commonly used for revers- 
ing the direction of the displacer. Other means of flow 
reversal may also be used, All valves must be leak free 
and allow continuous flow through the meter during 
proving. A method of checking for seal leakage during a 
proving pass shall be provided for all valves. The valve 
size and actuator shall be selected to minimize hydraulic 
shack. 


4.2.7 Design of Pipe Provers 
4.2.7.1 INITIAL CONSIDERATIONS 


Before a pipe prover is designed or selected, it is 
necessary to establish the type of prover required for the 
application and the manner in which it will be connected 
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with the meter piping. From a study of the application, 
intended use, and space limitations, the following should 
be established: 


a. Whether the prover is to be stationary or mobile. 
1. If the prover is stationary, whether it will be dedi- 
cated (on line) or used as part of a central system. 
2. If the prover is stationary and dedicated, whether 
it will be kept in service continuously or isolated from 
the metered stream when it is not being used to prove 
a meter. 

3. If the prover is stationary, what portions, if any, 
are desired below ground. 

b. The ranges of temperature and pressure that will be 

encountered. 

c. The maximum and minimum flow rates expected and 

the flow-rate stability. 

d. The maximum pressure drop allowable across the 

prover. 

¢. The physical properties of the fluids to be handled. 

f. The degree of automation to be incorporated in the 

proving operation. 

g. Available utilities. 


4.2.7.2 PRESSURE DROP ACROSS THE PROVER 


In determining the size of the piping and openings to 
be used in the manifolding and the prover, the pressure 
loss through the pipe prover system should be compati- 
ble with the pressure loss considered tolerable in the 
metering installation. 


4.2.7.3 VOLUME 


In determining the volume of a prover between detec- 
tors, the designer must consider the following items: 


a. The overall repeatability required of the proving sys- 
tem. 

b. The repeatability of the detectors. 

c. The accumulation of 10,000 unaltered pulses or the 
use of pulse interpolation (see Chapter 4.6). 

d. The resolution of the meter pulse generator (that is, 
the number of pulses per unit volume). 

e. The maximum and minimum flow rates of the system. 


4.2.7.4 DISPLACER VELOCITY 


The velocity of the displacer can be determined by the 
internal diameter of the prover pipe and the maximum 
and minimum flow rates of the meters to be proved. 
Some practical limit to the maximum velocity of a dis- 
placer must be established to prevent damage to the 
displacer and the detectors. Nevertheless, the develop- 
ing state of the art advises against setting a firm limit to 


displacer velocity as a criterion for design. Demon- 
strated results are better to use as a criterion. The results 
are manifested in the repeatability, accuracy, and repro- 
ducibility of meter factors using the prover in question, 

Most operators and designers agree that 10 feet (3 
mieters) per second is a typical design specification for 
unidirectional provers, whereas velocities up to 5 feet 
(1,5 meters) per second are typical in bidirectional 
provers. Higher velocitics may be possible if the design 
incorporates a means of reducing surges and displacer 
velocity before the prover completes its pass. Minimum 
displacer velocity must also be considered, especially for 
proving meters in a liquid that has little or no lubricating 
ability, such as gasoline that contains high proportions of 
aromatics or liquefied petroleum gas. When lubricating 
ability is poor or nonexistent and the displacer is operat- 
ing at low velocities, the displacer may move, hesitate, 
and move again. Velocities, as the term is used in this 
publication, refers to uniform velocities between detec- 
tors. 

This standard is not intended to limit the velocity of 
displacers. Provided that acceptable performance can be 
assured, no arbitrary limit is imposed on velocity. 


4.2.7.5 REPEATABILITY AND ACCURACY 
4.2.7.5.1 General Considerations 


The ultimate requirement for a prover is that it prove 
meters accurately; however, accuracy cannot be estab- 
lished directly because it depends on the repeatability of 
the meters, the accuracy of the instrumentation, and the 
uncertainty of the prover’s base volume. The repeat- 
ability of any prover/meter combination can be deter- 
mined by carrying out a series of repeated measure~ 
ments under carefully controlled conditions and 
analyzing the results statistically. Repeatability is usually 
adopted as the primary criterion for a prover’s accept- 
ability. Whereas poor repeatability is an immediate indi- 
cation that a prover is not performing satisfactorily, good 
repeatability does not necessarily indicate good accu- 
racy because of the possibility of unknown systematic 
errors, Operators must always guard against such errors. 

The minimum distance between detector switches de- 
pends on the detector’s ability to repeatedly locate the 
displacer, The total error of the displacer during a prov- 
ing pass shall be limited to 0,02 percent of the volume 
between the detectors. 


4.2.7.5.2 Replacing the Detectors 


When the worn or damaged parts of a detector are 
replaced, care must be taken to ensure that neither the 
detector’s actuating depth nor its electrical switch com- 
ponents are altered to the extent that the prover volume 
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is changed. This is especially true for unidirectional 
provers because changes in detector actuation are not 
compensated for round trip sphere travel as they are in 
bidirectional provers. Recalibration of unidirectional 
provers is in order as soon as practical. 


4.2.7.5.3. Counter Resolution 


The resolution of a digital counter is unity; that is, a 
counter can indicate only a whole number of pulses. The 
indicated pulse count therefore has a +1 pulse uncer- 
tainty for a pass between detectors. For example, to limit 
the pulse uncertainty to 1 pulse during a prover pass 
without using pulse interpolation (see Chapter 4.6), at 
Jeast 10,000 pulscs would have to be collected during a 
single pass. This degree of uncertainty is represented 
mathematically as follows: 


= 21 pulse 
is N 


Where: 


U = degree of uncertainty of the recorded pulse count 
during a prover pass, commonly called the reso- 
lution. 

N = minimum number of pulses to be collected during 
a prover pass. 


4.2.7.5.4 Pulse Generation 


The preceding considerations suggest that prover vol- 
umes can be reduced by increasing the pulse-generation 
rate of the meters to be proved. Caution must be exer- 
cised when gear-driven pulse generators are used on 
displacement meters to obtain very high pulse-genera- 
tion rates, since mechanical problems such as backlash, 
drive-shaft torsion, and cyclic variations can cause 
irregular pulse generation. An electronic means of pulse 
interpolation can also be used to increase the resolution 
for both small volume and conventional volume provers 
(sec Chapter 4.6). 


4.2.8 Dimensions of Provers 


The dimensions selected for provers have to be based 
onacompromise. Decreasing the diameter of the prover 
pipe increases the length between detectors for a given 
volume and reduces the sensitivity to detector resolu- 
tion. Decreasing the pipe diameter also increases dis- 
placer velocity; this increase may become a limifing 
factor. Increasing the diameter of the prover pipe has the 
opposite effect; the velocity of the displacer is reduced, 
but the resulting decrease in length increases the sensi- 
tivity to detector resolution and thus may become a 
limiting factor. 
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4.2.9 Sample Calculations for the 
Design of a Pipe Prover 


A typical approach to the design of unidirectional or 
bidirectional pipe provers is described in 4.2.9.1 through 
4.2.9.5. The examples given are for a 6-inch (150-milli- 
meter) meter operating at 1200 barrels per hour and 
generating a nominal 2000 pulses per barrel. 


4.2.9.1 BASIS OF CALCULATION 


The repeatability obtained during calibration runs 
must be within the range stated in 4.2.3.1. For the pur- 
pose of this example, the following conditions are as- 
sumed: 


a. The acceptable counter resolution error, U (see 
4.2.7.5,3), is +1 pulse during a prover pass. 

b. The meter to be proved generates 2000 pulses per 
barrel. 

c. The repeatability for each of the detectors fo the 
sphere is assumed to be +0.030 inch. 

d. The maximum displacer velocity is provisionally set 
at 10 fect (3 meters) per second. 


4.2.9.2. MINIMUM-VOLUME CALCULATION 


After the degree of uncertainty during a prover pass 
(see 4,2.7.5.3) is established, the minimum volume dur- 
ing a pass is determined using Equation 1 as follows: 


y = ti pulse _N 
¥ UK OK 7 
Where: 
V = minimum volume between prover detectors 

+1 
~ UK 
s +1 
~ (1/10,000)(2000) 
= 5 barrels. 


U=degree of uncertainty of the recorded pulse 
count during a prover pass. 

K = minimum number of counts per consistent unit 
yolume of any meter that will be proved. 

N = minimum number of pulses to be collected dur- 
ing a prover pass. 


4.2.9.3 MINIMUM-LENGTH CALCULATION 


The minimum length between detector switches de- 
pends on the accuracy with which the detector switch can 
repeatedly determine the position of the displacer and 
the desired discrimination of the prover system during 
calibration. Item b in 4.2.9.1 indicates that the desired 
discrimination of the prover system during calibration is 
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0.02 percent (+0.01 percent of the average). Item c in 
4.2.9.1 states that the repeatability of response to the 
sphere for each of the detector switches is + 0.030 inch 
(+£0.75 millimeters). If L represents the nominal indi- 
cated length of the prover, one pass could displace a 
maximum volume represented by Z plus 0.060 inch (1.5 
millimeters); another pass could displace a minimum 
volume represented by Z minus 0.060 inch (1.5 millime- 
ters), When the minimum is subtracted from the maxi- 
mum, the difference in the indicated length cannot ex- 
ceed 0.12 inch (-+3 millimeters). The calculation for the 
minimum length would then be 0.12 inch (+3 millime- 
ters) divided by 0.02 percent (0.0002), which results in a 
50-foot (15-meter) minimum length. If the repeatability 
of response for each of the detector switches is better 
than + 0.030 inch (+0.75 millimeters), the lengths be- 
tween the detector switches can be decreased. 


4.2.9.4 PROVER DIAMETER 


Item din 4.2.9.1 sets a provisional maximum displacer 
velocity of 10 feet (3 meters) per second for use in this 
example, The smailest applicable prover diameter would 
therefore be 6 inches (150 millimeters); however, the 
length necessary to obtain the 5-barrel (0.795-cubic me- 
ter) volume would have to be in excess of the 50 feet (15 
meters) previously calculated. 


4.2.9.5 SUMMARY OF CALCULATIONS 


Based on the stated assumption of a 6-inch (150-milli- 
meter) meter operating at 1200 barrels per hour, the 
calculations indicate that a prover with a minimum 
length of 50 feet (15 meters) between detectors that 
would displace a minimum volume of 5 barrels (0.795 
cubic meter) and has a minimum diameter of 6 inches 
(150 millimeters) is required. 


4.2.10 Installation 
4.2.10.1 GENERAL CONSIDERATIONS 


All components of the prover installation, including 
electrical piping, valves, and manifolds, shall be in accor- 
dance with applicable codes. Once the prover is on« 
stream, it becomes a part of the pressure system. 

The proving section and related components shall 
have suitable hangers and supports prescribed by appli- 
cable codes and sound engineering principles. When 
proving systems are designed and installed, precautions 
should be taken to cope with expansion, contraction, 
vibration, pressure surges, and other conditions that 
may affect.piping and related equipment. 

Consideration should be given to the installation of 
suitable valving to isolate the prover unit from line pres- 
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sure when it is not onstream (for example, during main- 
tenance or removal of the displacer). 

All units shall be equipped with vent and drain con- 
nections, Vent valves should be installed on the topmost 
portion of the pipe and should be located where all air is 
vented from dead spaces that are not swept by the dis- 
placer, Provisions should be made for the disposal of 
liquids or vapors that are drained or vented from the 
prover. This may be accomplished by pumping liquids or 
vapors back into the system or by diverting them to a 
collecting point, 

Temperature sensors in accordance with Chapter 7.2 
and pressure gauges shall be installed in suitable Joca- 
tions near the meter and the prover to determine the 
temperature and pressure of each. Blind flange or valve 
connections should be provided on either side of a leak- 
free block valve in the piping system to serve as a connec- 
tion for proving portable meters or as a means for cali- 
brating the prover by the master-meter method. Con- 
nections at the inlet and outiet should be provided for 
calibration by the waterdraw method. Examples of suit- 
able connections are shown in Figures 1-3. 

Pressure relief valves with discharge piping and leak- 
detection facilities are usually installed to control ther- 
mal expansion of the liquid in the prover while it is 
isolated from the mainstream. Where practical, pressure 
relief valves should not be installed in piping between the 
meters and the prover. Power and remote controls 
should be suitably protected with lockout switches, cir 
cuits, or both between remote and adjacent panel loca- 
tions to prevent accidental remote operation while a unit 
is being controlled locally. Suitable safety devices and 
locks should be installed to prevent inadvertent opera- 
tion of or unauthorized tampering with equipment. 

Provers should be protected by straining or filtering 
equipment. 

All wiring and controls shall conform to applicable 
codes. Components shall conform to the class and group 
appropriate to the location and operation, All electrical 
controls and components should be placed in a location 
convenient for operation and maintenance. Manufac- 
turers’ instructions should be strictly followed during the 
installation and grounding of electronic counters, con- 
trols, power units, and signal cables. 


4.2.10.2 PROVER LOCATION 

Pipe provers may be cither mobile (portable) or sta- 
tionary. 
4.2.10.2.1_ Mobile Prover 


A mobile prover is normally mounted on a road vehi- 
cle or trailer so that it can be taken to various sites for on- 
site proving of meters in their installed positions while 
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they are in normal operation. Mobile provers are occa- 
sionally housed in containers or mounted on self- 
contained skids so that they may be transported by road, 
rail, or sea. Mobile provers are always provided with a 
means of safely and conveniently connecting them to the 
metering system. Mobile provers are designed to oper- 
ate in the meter’s environment. Provisions must be made 
to electrically ground the prover. 

Portable meter provers mounted on a truck or trailer 
fall within the purview of the DOT Code of Federal 
Regulations for the transportation of hazardous mate- 
tials, The code is applicable when portable meter 
provers are moved on public roads and contain flamma- 
ple or combustible liquids or are empty but not gas free, 
The most recent edition of 49 Code of Federal Reguia- 
tions Parts 171-177 (Subchapter C, “Hazardous Mate- 
tials Regulations”) and 390-397 (Subchapter B, “Fed- 
eral Motor Carrier Safcty Regulations") should be 
consulted. (See specifically Sections 172.500, 172.503, 
172.504, 172.506, 172.507, 173, 177.817, 177.823, 
391.11(a)(7), 391.41.49, and 393.86.) The DOT pro- 
vides an exemption from 173.119, 173.304, and 173.315 
for portable meter provers. 


4.2.10.2.2 Stationary Prover 


A stationary prover is connected by a system of pipes 
and valves to a meter or battery of meters. Its sole 
function is to prove the meters onc at a time at intervals, 
as required. 


4.2.10.2.3 Central Prover 


A central prover is permanently installed at a location 
where pumping facilities and a supply of liquid are avail- 
able. It is used to prove meters that are periodically 
brought to the prover and temporarily connected (see 
Chapter 4.1). After a meter is proved centrally, caution 
taust be exercised to ensure that the meter is not mis- 
handled in a way that could destroy its reliability before 
the meter is reinstalled in the line. 


4.2.11 Calibrating Pipe Provers 


Calibrating a pipe prover involves determining the 
base volume displaced between the detectors. 

The two methods of calibrating a pipe prover are the 
waterdraw method and the master-meter method. 

A pipe prover must be calibrated before it is placed in 
service to determine its base volume at standard condi- 
tions [usually atmospheric pressure and 60°F (15°C)], 
Periodic recalibration of the prover is also required. See 
Chapter 12.2 for details about calculating all the correc- 
tion factors and the base volume. 
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The base volume shall be documented ona calibration 
certificate. See Chapter 12.2 for volume corrections and 
calculations that lead to base-volume determinations. 

The base volume of a unidtrectional prover is the 
calibrated volume corrected to standard temperature 
and pressure conditions and displaced between detectors 
for a single pass. The base volume of a bidirectional 
prover is the sum of the volumes displaced between 
detectors for a round trip of the displacer corrected to 
standard temperature and pressure conditions. 

Complete records of calibration should be prepared 
and maintained, 


4.2.11.1 CALIBRATING PIPE PROVERS BY THE 
WATERDRAW METHOD 


Calibrating pipe provers by the waterdraw method 
requires using National Bureau of Standards (NBS) 
traceable/certified volumetric field-standard test mea- 
sures (see Chapter 4.7) against which the volume of the 
prover may be determined. The largest available field 
standards should be used. The method may be expedited 
by placing the prover, ficld standards, and test water ina 
constant-temperature enclosure shaded from direct sun- 
shine to allow the equipment and water fo reach an 
equilibrium temperature. 

Because of the effect of viscosity and surface tension 
on the drain time of a field-standard test measure, water 
is the only medium that can be used for the draw method 
into standards that have been certified to deliver a given 
quantity of water. Water was selected because it has well- 
defined properties and is readily available. Clean, fresh, 
deaerated water is required (see Chapter 4.7). The 
prover should be clean, and the displacer shouid be 
moved through the prover enough times to flush and 
eliminate air that may have been caught in parts of the 
prover system and to allow both the metal and liquid of 
the prover system to reach a common and steady tem- 
perature. At least one trial calibration run should be 
made. to determine the approximate volume of* the 
prover between its detectors so that the appropriate 
number and sizes of reference standards can be selected. 
‘The temperature and pressure at the discharge of the 
prover should then be observed and recorded as the 
temperature and pressure in the prover at the start of 
calibration. 

The prover may be calibrated using smal!-diameter 
water lines and temporary valves, as shown in Figures 4 
and 5, or by using the valves and piping that are part of 
the field installation. Solenoid valves actuated by the 
detector switches are normally used to start and stop the 
calibration run. 
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The volume observed in the field standards for each 
trip of the displacer must be subjected to corrections to 
determine the base volume of the prover as follows: 


a. The individual field-standard test measures must be 
corrected for any difference in water temperature be- 
tween the starting temperature of the prover and the 
water temperature in the field standard when its volume 
is read and recorded. The purpose of the correction is to 
adjust the volume of water measured in the field stan- 
dard to the volume it occupied at the prover starting 
temperature. 

b. The temperature-corrected field-standard volume 
must then be corrected for the effect of temperature on 
both the prover and the field-standard materials. The 
temperatures of the pipe prover and the field standard’s 
shell are assumed to be the same as the temperature of 
the liquid that they contain. See Chapter 12.2 for the 
application of corrections. 

c. The water volume obtained in Item b shall then be 
corrected for the compressibility of the water in the 
prover at the start of the calibration, See Chapter 12.2 
for complete details. 

d. The volume shali be corrected for the effect of pres- 
sure on the prover steel at the start of the calibration. 


The calibrated volume of a field standard is its volume 
at a temperature specified by the calibrating agency 
[commonly 60°F (15°C)]. By correcting the observed 
volume in the field standard to its actual volume at 60°F 
(15°C), the field standard can then be used to determine 
a prover volume at 60°F (15°C), 

The observed volume for each prover pass shall be 
corrected individually to obtain the base volume, which 
implies standard conditions. Two or more consecutive 
tuns, after correction, shall fall within 0.02 percent 
(+£0.01 percent) of the average. 

Repeatability is only one component of accuracy. By 
filling the same field standards with the test runs made at 
an equal rate, an operator can complete a series of 
erroneous calibrations as the result of a consistent leak. 
The absence of a consistent leak should be verified by 
making an additional run at a rate change of 25 percent 
or greater. With the changed flow rate, a volume after 
correction that is beyond 0.02 percent (+£0.01 percent of 
the average) of the initial runs, after correction, indi- 
cates the possibility of a leak in the proving circuit that 
must be corrected before calibration can be achieved. 
This is true for both unidirectional and bidirectional 
provers. 

After a prover calibration is completed, the data 
sheets shall be signed by all parties who witnessed the 
calibration and used to prepare a certificate of calibra- 
tion. The certificate shall state the method used, the 


base volume of the prover, and the reference tempera- 
ture and pressure. 


4.2.11.2 CALIBRATING BIDIRECTIONAL 
PROVERS BY THE WATERDRAW 
METHOD 

This section refers to provers that operate on a round 
trip basis, 

After preparatory steps are taken as described in 
4.2.11, the calibration runs are started. The displacer is 
driven past one of the switches into the space just outside 
the calibrated volume at either end of the prover, The 
valves should be reversed so that the displacer travels 
toward the section to be calibrated while it wastcs the 
effluent water. The water should be wasted slowly 
through a slow-rate bleed or, if the adjustment is suffi- 
ciently sensitive, through the hose nozzle, The waste 
should be stopped at the instant the switch indication 
shows ON, This should be done automatically by a so- 
lenoid valve controlled by the detector switch. All addi- 
tional effluent water should then be directed into the 
selected field standards. The withdrawals should con- 
tinue until the last field standard is being filled. The 
withdrawal should be reduced to a controllable slow- 
bleed rate until the ON switch indication is obscrved at 
the second detector; withdrawal should be stopped at 
the instant the detector shows ON. The total of the field- 
standard volumes indicates the observed displaced vol- 
ume between detectors in that direction of travel under 
conditions of pressure and temperature that existed in 
the prover at the start of calibration. The pressure condi- 
tions, drain-hose fill, and other withdrawal equipment 
shall be the same at the end of the withdrawal as they 
were at the start. 

A similar displacer trip should now be made in the 
opposite direction, repeating the procedure. These two 
trips do not necessarily have to agree in observed dis- 
placed volume because the action of the detector 
switches may be different for each direction of travel. 
The volume observed in a given direction after correc- 
tion must agree within 0.02 percent (£0.01 percent of 
the average}, 

The calibrating procedure should be repeated until 
satisfactory repeatability is achieved. If the prover, dis- 
Placer, and detectors are in good working order, an 
experienced operator can expect the first two determina- 
tions, after correction, to agree within 0.02 percent 
(£0.01 of the average). The average of two or more 
consecutive round trip corrected volumes is considered 
the round trip based volume. The corrected volume for 
two or more consecutive trips in any given direction shall 
also agree within 0.02 percent (+0.01 percent of the 
average), This standard does not restrict the determina- 
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tion of the basc volume to only two consecutive runs. 
More runs may be used if agreed upon by the partics 
involved. 

Failure to repeat may be caused by leaking valves, air 
in the system, varying temperature or pressure, im- 
proper condition of the displacers, or poor calibration 
technique. 

Once a suitable set of runs has been made, the average 
then becomes the base volume of the prover. 

All subsequent use of the bidirectional prover for 
proving a meter requires a full round trip of the displacer 
for each proof run of the meter. 


4.2.11.3 CALIBRATING UNIDIRECTIONAL 
PROVERS BY THE WATERDRAW 
METHOD 


The procedure for calibrating a unidirectional prover 
by the waterdraw method is substantially the same as the 
procedure described for a single one-way trip of the 
displacer in a bidirectional prover. Every calibration run 
must be made by passing the displacer through the 
prover in the direction in which it will subsequently 
travel during actual meter proving. When an automatic- 
return or endless-loop prover is calibrated, the entire 
loop and interchange must be filled with water, bringing 
water through an outlet connection. The interchange 
valves may be used to transport the displacer through the 
pipe and the interchange to the start of the prover sec- 
tion. When a manual-return or in-line unidirectional 
prover is calibrated, the entire prover and associated 
piping must be filled with water, and the displacer must 
be launched in the normal manner in the proper direc- 
tion and returned for relaunching for subsequent calibra- 
tion runs, Care must be exercised to ensure stable tem- 
perature and pressure conditions and the elimination of 
all air. 

The calibrated volume of a unidirectional prover is the 
volume displaced in passing the displacer from one de- 
tector switch to another. The described one-way pro- 
cedure should be repeated until satisfactory repeat- 
ability is achieved. The average value of two or more 
consecutive one-way corrected calibrated volumes is 
considered the base volume of the prover at standard 
conditions. The corrected volume for two or more con- 
secutive trips should agree within 0.02 percent (40.01 
percent of the average). 


4.2.11.4 CALIBRATING PIPE PROVERS BY THE 
MASTER — METER METHOD 
4.2.11.4.1 Principle and Apparatus 


In the master-meter method of proving, the function 
of the master meter is to serve as an intermediate link 
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between the prover and the volumetric standard. This 
method is an additional step away from NBS trace- 
ability. A meter used in this manner is commonly called 
amaster meter. The volumetric standard may be either a 
pipe prover or tank prover and is hereafter identified as 
the master prover. The master prover is used to prove the 
master meter; the master meter is then immediately 
used to determine the volume of the pipe prover in need 
of calibration. 

The master-meter method can be used for any instal- 
lation, but in situations like those found in the arctic, the 
desert, or on an offshore platform, the master-meter 
method may be the only practical one to use. The re- 
quirements for master-meter proving include an ample 
supply of a stable liquid, a selected master meter, and the 
accessory equipment necessary for proving the master 
meter against the master prover. 

The three main pieces of apparatus—the prover to be 
calibrated, the master prover, and the master meter— 
must be connected in series so that the total flow through 
each is the same. The sequence in which the three pieces 
are arranged can be modified to suit local conditions. 

The master-prover base volume shall be determined 
by the waterdraw method and shall be a size that is 
sufficient to ensure that the master meter can be accu- 
rately proved. 

A master meter may be either a pulse-generating dis- 
placement meter or a turbine meter; if it is a turbine 
meter, it shall be connected to its normal conditioning 
section (straightening vanes or a sufficient length of 
straight pipe). The master meter shall be of high quality 
and known to have an excellent short-term repeatability. 

A single meter is recommended for use as a master 
meter. Each master meter shall conform to Chapter 4.5. 

The master meter shall have the same connected ac- 
cessories when it is being proved as when it is being used 
to calibrate the prover. The meter shall not be fitted with 
any device, such as a calibrator or a temperature com- 
pensator, that enables the operator to change in any way 
the ratio between the indicated output of the meter and 
the number of revolutions it has turned. 

The master meter shall be in good mechanical condi- 
tion and shall have a history of consistent performance, 
Tts meter factor should vary little with the flow rate over 
its operating range. 

The master meter shall generate at least 10,000 pulses 
during any one pass of the master prover or one empty- 
ing or filling of a tank prover. . 

Attention must be given to the equipment require- 
ments discussed in 4.2.4, especially as they apply to 
temperature and pressure measurements, valves, flow- 
reversing valves, displacers, pulse generators, and coun- 
ters. In addition, vents must be available at high points in 
the assembly to allow for the removal of air before cali- 
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bration begins. Also, a strainer should be placed up- 
stream of the master-meter/master-prover unit. 

When hydrocarbons are used in the master-meter 
method, accurate thermometry becomes even more im- 
portant than when water is used. Hydrocarbon liquids 
typically have low heat capacities and high coefficients of 
thermal expansion. Temperatures must be obtained to 
the accuracies required in Chapters 7.2 and 12,2, 

Ifa liquid with a high vapor pressure is used, care must 
be taken during the calibration to ensure that the pres- 
sure does not fall below a level where gas bubbles may be 
formed, 


4.2.114.2 Preparation 


The master-meter calibration procedure consists of 
the following three operations in immediate succession: 


a. Proving the master meter against the master prover. 
b. Calibrating the stipulated prover. 

c. Reproving the master meter against the master 
prover. 


The liquid should be slowly introduced into the three 
principal pieces of apparatus (the master prover, master 
meter, and prover to be calibrated), venting the air or 
gas carefully as the fill proceeds, 

The flow should be started through the system, and 
the remaining air or gas should be vented from each 
piece of equipment. While the prover to be calibrated 
(and the master prover if it is the pipe-prover type) is 
being vented, the displacer should be launched as often 
as required to flush air or gas towards the vents. The 
required calibration repeatability will not be obtained 
unless the system is rendered completely free from air or 
gas. 

Flow should be continued until the temperature of the 
system stabilizes. While this is being done, the master 
meter should be proved against the master prover a 
number of times on a trial basis to sec whether consistent 
results are being obtained. During the first few trial 
provings, the calculation of meter factors may be unnec- 
essary if the successive pulse counts differ by so much 
that the repeatability is obviously inadequate. When a 
point is reached at which two or more consecutive mas- 
ter-meter factors agree within 0.02 percent (+0.01 per- 
cent of the average), the master meter and the master 
prover may be considered to be performing acceptably. 

Next, a similar check should be made to ensure that 
the prover to be calibrated is functioning correctly. Re- 
peated precalibration runs of the master meter against 
the prover should be made until two or more consecutive 
results agree within 0,02 percent (+0.01 percent of the 
average). 
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Should it prove impossible to obtain the above repeat- 
abilities, the malfunction must be identified and cor- 
rected, When the required repeatability is obtained, the 
calibration of the prover may begin, using the procedure 
outlined in 4,2,11.4.3, 


4.2.11.4.3 Procedure 


The procedure described in this section is for use with 
either a turbine meter or a displacement meter that has 
an electrical pulse generator. This standard does not 
preclude the use of a displacement meter that has only a 
mechanical register for this method of prover calibra- 
tion, provided that the meter register has a disctimina- 
tion smaller than 0,01 percent of the volume of the 
master prover and preferably smaller than 0,005 per- 
cent. Appropriate modifications to the procedure given 
here are necessary if such a meter is used. 

First, the flow rate should be set to the desired value. 
The flow rate shall be maintained constantly within 5 
percent or better throughout the entire procedure and 
shall fall within the linear range of the meter. 

To prove the master meter, a series of two or more 
meter proofs must be made. The results of these proofs 
shall agree within 0,02 percent (+0.01 percent of the 
average) or better, or the results shall be regarded as 
invalid. The average of the meter proofs shall be re- 
corded as the initial master-meter factor. 

Next, a series of two or more calibration runs of the 
master meter against the prover to be calibrated must be 
made. The results of these runs shall be regarded as valid 
only if they agree within 0,02 percent (+ 0.01 percent of 
the average). The master-meter volume shall be re- 
garded as a known quantity; the base volume of the 
prover is the quantity to be determined. 

Finally, the master meter should again he proved 
against the master prover to check that its meter factor 
has not changed significantly during the operation. Two 
or more meter proofs are required, and the results are 
valid only if they agree within 0,02 percent (+ 0.01 per- 
cent of the average). The average of these results is 
adopted as the final master-meter factor. In addition, the 
final master-meter factor must lie within 0.02 percent of 
the initial master-meter factor. The average of the initial 
and final meter-factor values shall be used in the calcula- 
tion to determine the base volume of the prover being 
calibrated. 

Prover calibration runs completed at one flow rate 
may incorporate an undetected constant leak. This pos- 
sibility can be eliminated by repeating the full calibra- 
tion procedure at a rate change of 25 percent or greater. 
With the changed flow rate, a volume after correction 
that is not within 0.02 percent (+0.01 percent of the 
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average) of two initial runs, after correction, indicates 
the possibility of a leak in the proving system that must 
be corrected before calibration can be achieved. This is 
truc for both unidirectional and bidircctional provers. 

If the calibration fluid is a hydrocarbon covered in 
Chapter 11, the tables in Chapter 11 can be used to 
determine the necessary temperature corrections, If the 
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calibration fluid is a hydrocarbon of unknown pressure, 
volume, or temperature properties, samples must be 
taken to determine these properties. 

Full records of all the provings of the master meter 
shall be kept, since a detailed history of performance isa 
valuable guide to its reliability. 


O 


MPMS 4-2-88 | a73e290 0054854 oy 


Order No. 852-30082 


1-1700—10/88—-8C. 


Copyright por American Petroleum Institute 
Thu Dec 14 21:10:06 2000 


Copyright por American Petroleum Institute 
Thu Dec 14 21:10:06 2000 


MPMNS 4.2-58 I O732240 O0546,0 of 


American Petroleum Institute 
1220 L Street, Northwest 


Washington, D.C, 20005 I ») 


